Summary. Using semithin plastic sections, sequential changes in the mouse peritoneal cells during their intrauterine life were observed by light microscopy.
At 11-13 days of gestation, the peritoneal cavity contained a small number of free mononuclear cells, singly scattered. Most of tem were 9 to 12um in cell diameter, and the N-C (nucleocytoplasmic) ratio was smaller than 0.7. The cytoplasm contained large phagocytic vacuoles, and long processes extended from the cell surface. These cells were considered mature macrophages.
After 15 days, the peritoneal cavity contained smallsized mononuclear cells in addition to mature macrophages. The small mononuclear cells were 5-10pm in cell diameter, and formed the major cell type at this time. The cytoplasm contained occasional small vesicles but no phagocytic vacuoles. The small mononuclear cells showed a larger N-C ratio, 0.8-1.7. In 18-day-old fetuses, the peritoneal cells consisted of mononuclear cells, 79.5%, and mast cells, 20.5%. During the initial 18 days of embryonic life, small lymphocytes, neutrophils and eosinophils were not contained in the mouse peritoneal space.
The normal peritoneal fluid of human beings and laboratory animals contains a variety of cell types (DIXON and RIXFORD, 1934; PADAWER and GORDON, 1956) . In adult mice, the peritoneal cells include macrophages, monocytes, lymphocytes, neutrophils, eosinophils and mast cells; macrophages and lymphocytes are particularly frequent (MIMs, 1963; GOODMAN, 1964; KORNFELD and GREENMAN, 1966, YAFFE and YOFFEY, 1982) . In adult animals, the major source of free macrophages is the bone marrow, and direct precursors of peritoneal macrophages are monocytes in the circulation (VOLKMAN and GOWANS,1965; VAN FURTH and COHN,1968) . Before the formation of the bone marrow, macrophage progenitors are detectable in the yolk sac and liver (CLINE and MooRE, 1972; DEIMANN and FAHIMI,1978) . Phagocytic macrophages exist in the vascular space of the human yolk sac (FUKUDA, 1973) . Macrophages appear in the mesenchyme of rat fetuses during early gestation (TAKAHASHI et al., 1983) , and the peritoneal fluid from neonatal mice contains macrophages (HARDY et al., 1976) . Thus, our present knowledge of macrophages in embryonic life is rather fragmentary, and little information is available with respect to the embryonic peritoneal macrophages.
The aim of this study is to investigate peritoneal cells in mouse embryos at various gestational stages by light microscopy, using semithin plastic sections.
MATERIALS AND METHODS
Twenty-five embryos of dd-strain mice were used in this study. An adult female and a male were caged together overnight, and the next morning was taken as day 0 of pregnancy. Under chloroform anesthesia, the embryos were removed together with the yolk sacs as nearly intact as possible at 11, 12, 13, 15 and 18 days of gestation. Embryos wrapped by the yolk sac were immersed in 4% paraformaldehyde-5% glutaraldehyde in 0.1M cacodylate buffer for 3 h at room temperature.
After dehydration with graded ethanols, the tissues were processed for embedding in methacrylate (NEW JB-4, Du Pont). The hardened blocks were trimmed into 5mm squares under the stereomicroscope.
Sagittal sections including the peritoneal cavity were cut at 1.5um with glass knives on a JB-4 microtome (Yamato, Japan), and stained with hematoxylin-eosin or May-GrunwaldGiemsa. Some of the sections were stained with 1 aqueous toluidine blue.
Morphometric analysis
The peritoneal cavity of every ten serial sections was televised on a monitor. All the peritoneal cells containing nuclei present in sections were observed with an oil immersion objective at a final magnification of 2,800. The cellular morphology, cell size and nucleus-to-cytoplasmic ratio (N-C ratio) were examined. The nuclear and cytoplasmic contours were traced on transparent plastic sheets, and the cell and nucleus areas were measured with a computercoordinating area-curve meter (X-Plan 360, Ushikata, Japan). The cytoplasmic diameter was computed from the cell area by considering round or slightly aspherical cells as spheres. The N-C ratio was obtained from the nuclear and cytoplasmic area. At 12 and 15 days of gestation, a total of 250 peritoneal cells were measured, each for a histogram of frequency distribution. At 18 days of gestation, 590 peritoneal mononuclear cells and 160 mast cells were measured. On each date, five embryos were used, and the statistical differences of the mean cell diameter were evaluated by Students t test.
RESULTS

Peritoneal cells at 11-13 days of gestation
In sagittal sections of an 11-day embryo, the intraembryonic coelom of the trunk, not divided by the diaphragm, formed the pleuro-peritoneal cavity. In the abdominal part of the cavity, the hepatic tissue appeared around the f oregut, and several profiles of the intestine existed caudal to the liver. From 11 to 13 days, hepatic tissue underwent marked enlargement to become the largest abdominal organ. At 11,12 and 13 days, the intraembryonic serous cavities, i.e., peritoneal, pleural and pericardial, contained a very small number of mononuclear cells (Fig. 1 ). In the peritoneal space, the cells were singly scattered between the hepatic lobe and intestine. They were nearly circular in outline, measuring 9 to 14um in diameter. The cell surface was, however, irregular with thin processes (Figs. 2-4). The nuclei were round, oval or kidney-shaped with loose chromatin and a few eosinophilic nucleoli. The cytoplasm frequently contained many lucent vacuoles and vesicles, and often appeared foamy. The vacuoles, varying considerably in size, were round in profile. The cytoplasm occasionally contained large phagosomes (Fig.  3) , and a few scattered azurophilic granules at the periphery. From the observations, large mononuclear cells were identified as mature macrophages.
The mean diameter of peritoneal cells was 9.8 1.6 gum at 12 days. The wide frequency distribution ranged from 6 to 17um (Fig. 10) . Of the peritoneal cells, 99.2% were between 6 and 13 am in cell diameter. The shape of the histogram indicated the presence of at least two size classes of peritoneal cells; smaller cells with a diameter of 7.5 u m and larger ones with a diameter of 9-12um.
The cells larger than 9pm
in diameter constituted approximately 68% of the peritoneal cells, and the remaining 32% were smaller than 8.5um in diameter. As shown in Figure 11 , the frequency distribution of N-C ratio showed one sharp peak at 0.4, with approximately 69% of peritoneal cells smaller than 0.7 in N-C ratio. Peritoneal cells, larger than 1.0 in N-C ratio, constituted approximately 5% of the peritoneal cells at 12 days.
Peritoneal cells at 15 days of gestation
The pleuro-peritoneal cavity was divided into the pleural and peritoneal cavity by the diaphragm. The peritoneal cavity contained very few free cells, randomly distributed. In addition to the mature macrophages mentioned above, small-sized mononuclear cells with a diameter of 5-10um increased (Figs. 5, 6 ). The cells were round or oval, with fine processes extending from the cell surface. The processes were generally few and short when compared to those of the mature macrophages (Fig. 7) . The nucleus was ovoid, renif orm or horseshoe in shape, containing scattered chromatin particles and one or two prominent nucleoli. The cytoplasm did not contain any large phagocytic vacuoles, but occasional azurophilic granules and small clear vesicles. Mast cells, small lymphocytes and granuloid cells were not yet evident in the peritoneal space.
The average diameter of peritoneal cells at 15 days was 7.51.3pm.
The mean diameter was significantly smaller at 15 days than at 12 days (p<0.01). The size frequency distribution at 15 days showed two peaks, one at 7.0im and the other at 9.0um. The cells were clearly different in profile from those in the 12-day embryos (Fig. 10) 
Peritoneal cells at 18 days of gestation
Peritoneal cells at 18 days were composed of a variety of mononuclear cells and mast cells (Figs. 8, 9 ). Mature macrophages and small-sized mononuclear cells with fine projections were distributed randomly throughout the peritoneal space. In addition, there appeared mononuclear cells having smooth cell surface without any cytoplasmic process (Fig. 8) . They contained an oval, reniform or horseshoe-shaped nucleus with a fine texture of chromatin. The eccentric nucleus contained two or three nucleoli inside the nuclear envelope. The voluminous cytoplasm contained a few azurophilic granules, but clear vesicles could not be seen. Some of these cells contained phagocytic vacuoles (Fig. 8) . Such mononuclear cells with smooth cell surfaces appeared in small aggregates in the peritoneal cavity.
Mononuclear cells at 18 days were 5 to 14pm in cell diameter, with a mean of 8.81.8 um. The mean diameter was significantly larger than at 15 days (p< 0.01). The histogram of diameter frequency showed two peaks, one at 8.0um another at 10.5um (Fig. 10) . The cells larger than 10um in diameter were increased in proportion.
As seen in Figure 11 , the frequency distribution in N-C ratio showed a peak at 0.4. About 5.1% of the mononuclears were larger than 1.0 in the ratio.
Mast cells were distributed singly throughout the peritoneal cavity (Fig. 9) . They constituted 20.51.5 of the peritoneal cells. Their nucleus was often ob- scured by packed metachromatic granules staining with toluidine blue. Mast cells ranged from 5.0 to 11. 5 um in cell diameter, with a peak incidence at 7.5 , um (Fig. 10) . During the intrauterine 18 days of gestation, small lymphocytes with pachychromatic nuclei, neutrophils and eosinophils could not be observed in the peritoneal space.
DISCUSSION
Morphometric examinations of peritoneal cells have conventionally been made using free cells obtained from the serosal cavity by intraperitoneally injecting adequate medium following by a washing out (CARR, 1973) . It has been difficult to harvest enough cells for examination by peritoneal rinsing particularly in embryos at early stages. This difficulty is thought to be one of the reasons for limited knowledge about the developmental changes of embryonic peritoneal cells. As for gestational stages, examination in histologic sections is rather suitable for the study of peritoneal cells. Plastic embedding provides practical, striking improvement for their study (BECKSTEAD, 1983) .
In adult mice, peritoneal cells consist of macrophages, lymphocytes, monocytes, mast cells and granulocytes (FELIX and DALTON, 1955; BENNETT, 1965; DAEMS and KOERTEN, 1978) . Since macrophages and monocytes are considered as constituting the Mononuclear Phagocyte System or MPS ( VAN FURTH, 1982) , the peritoneal free cells are classified into four separate cell lines, i.e., cells of the MPS, mast cells, lymphoid and granuloid cells. These cell lines may be variable in proportion with the obtaining procedure, but macrophages and lymphocytes generally appear to be greater in proportion than mast cells and granuloid leukocytes (FELIX and DALTON, 1955; KORNFELD and GREENMAN, 1966; CARR, 1967; DAEMS and KOERTEN, 1978) . In lymphocytes, small lymphocytes are known to be very high in frequency (CARR, 1967; ABE et al., 1979; YAFFE and YOFFEY, 1982) . Our results showed that, during the embryonic life of mice, neither small lymphocytes nor granuloid leukocytes occurred, and that embryonic peritoneal cells were different in type and proportion from adult ones. Consequently, the embryonic peritoneal cavity contains a mixture of cells of the MPS, which constitute its major population. For the precise identification of phagocytic mononuclear cells, morphology alone is insufficient, and further histochemical studies are necessary (VAN Figs. 5-7. Peritoneal cells from 15-days embryos. Note the high N-C ratio of small mononuclear cells (Figs. 5, 6 ). The large perioneal cell (Fig. 7) (FELIX and DALTON,1955; GOODMAN, 1964; BENNETT, 1965; DAEMS and KOERTEN, 1978) . As shown in our results, mast cells were much higher in frequency in the late gestational life than in adult mice. The frequency difference of peritoneal mast cells between embryonic and adult mice is considered to be due largely to the absence of small lymphocytes and granuloid cells in the peritoneal cavity during embryonic life.
The frequency distribution of cell diameter revealed that peritoneal mononuclear cells of the mouse embryo were heterogeneous rather homogeneous in cell type. There are at least two types of mononuclear cells, small and large, judging from the cell diameter. The results obtained from the size distribu- WILLIAMS and MAYHEW (1973) and ABE et al. (1979) that large mononuclears correspond to adult peritoneal macrophages. The proportions of large and small mononuclear cells vary during embryonic development. Small mononuclear cells, ranging from 5 to 9um in cell size, show a considerable increase in proportion at 15 days of gestation. They seem to remain after birth as one of the resident cells in the peritoneal cavity (ABE et al., 1979) . The mononuclear-phagocyte cell line contains various cell types, and the monocyte-macrophage series in adult animals are classified by cytometrical, ultrastructural and cytochemical observations (CARR, 1967; DUMONT, 1969; FEDORKO and HIRSCH, 1970; BEELEN et al., 1980; DAEMS and VAN DER RHEE, 1980 ; VAN FURTH et al., 1980) . Morphological characteristics of the precursors of cells of the MPS in adult bone marrow have been summarized by VAN FURTH et al. (1980) and VAN DER MEER et al. (1980) . Based on the cell size distribution and N-C ratio, small mononuclear cells are thought to be macrophage precursors which are equivalent to blood monocytes, bone marrow monocytes in adult mice ( VAN FURTH et al., 1980 ; VAN DER MEER et al., 1980) . In the embryonic peritoneal cavity, mature macrophages appear first; subsequently immature forms of the MPS occur. This may be explained in terms of the production site of each embryonic peritoneal cell line. In adult animals, it is generally believed that macrophages are of bone marrow origin, and that the proliferating precursors of macrophages occur only in the bone marrow (VOLKMAN and GOWANS, 1965; VIROLAINEN, 1968; VAN FURTH, 1982) . During ontogeny, as shown in our results, mature macrophages appear in the peritoneal cavity before the formation of the bone marrow. In rat fetuses, macrophages are found in the subepidermal mesenchyme at 12 days of gestation (TAKAHASHI et al., 1983) as well as in the intraventricular space (STURROCK,1979) . In the fetal liver, macrophages occur from the beginning of hepatic hemopoiesis, and are usually found earlier than monocytes (DEIMANN and FAHIMI, 1978) . Therefore, it seems likely that functional macrophages appear almost simultaneously in the peritoneal cavity, liver, subepidermal connective tissue, and intraventricular space, and that their appearance is not related to the establishment of the hepatic and bone marrow hemopoiesis. The precursors of macrophages, probably originating from the yolk sac, may migrate in the serous cavities at 11-12 days of gestation.
